Introduction {#S0001}
============

Anemia is mostly caused by iron deficiency, which is the most common nutritional deficiency. Insufficient iron intake, impaired absorption and physiologic or pathologic blood loss cause iron deficiency anemia (IDA) \[[@CIT0001]\]. The World Health Organization (WHO) defines anemia as a decrease in hemoglobin (Hb) concentration below 12 g/dl for women and 13 g/dl for men \[[@CIT0002]\].

Iron deficiency anemia is more common in women due to the iron loss through menstrual bleeding. Recently the focus on the relationship between iron metabolism and the development of atherosclerosis has increased significantly. Various studies have shown that anemia is an independent cardiovascular risk factor and an indicator of poor prognosis in patients with coronary artery disease (CAD) \[[@CIT0003]\]. Studies of IDA patients also showed lower activity of antioxidant enzymes as a result of the influence of iron levels on oxidative stress. Paraoxonase 1 (PON1) enzyme, which is an antioxidant and is synthesized by the liver, is transported in plasma bound to high-density lipoprotein (HDL). Three known activities of this enzyme are paraoxonase (PON), arylesterase (ARE) and diazoxonase. It provides the antiatherogenic properties of HDL, by preventing low-density lipoprotein (LDL) oxidation \[[@CIT0004], [@CIT0005]\]. Paraoxonase 1 deficiency is very sensitive to development of atherosclerosis and cardiovascular disease \[[@CIT0006]\]. It was found in some studies that oxidative stress increased in patients with anemia due to a decrease in PON1 activity. In our study we aimed to determine PON1 activity and whether iron therapy has an effect on PON1 activity.

Material and methods {#S0002}
====================

This prospective clinical trial was carried out from February 2012 to December 2013. A total of 56 patients with IDA were enrolled in the study. After examination of IDA etiology, 6 patients were excluded from the study because of colonic carcinoma, renal cell carcinoma, infection availability, cirrhosis, adrenal non-functional adenoma, and Cushing\'s syndrome. The remaining 50 IDA patients (mean age: 45.4 ±16.3 years, 43 females) were compared with 40 (mean age: 49.95 ±10.2 years, 29 females) age- and gender-matched healthy controls. The average follow-up period was 129 ±131.5 (24--451 days). Informed consent was obtained from all participants, and the protocol was approved by the Ethics Committee of the hospital.

Inclusion criteria were as follows: hemoglobin concentration \< 10 g/dl, hematocrit (Hct) \< 31%, mean corpuscular volume (MCV) \< 76 fl, red blood cell distribution width (RDW) \> 15%, transferrin saturation (Tfs) \< 15% and ferritin \< 20 µg/l. Exclusion criteria included diabetes mellitus (DM) or other endocrine disorders, hypertension, hepatic or renal pathologies, chronic inflammatory diseases such as rheumatoid arthritis, excessive tobacco use (\> 10 cigarettes/day) or ethanol (\> 30 g/day) consumption, cardiovascular disease treatment with antioxidants or drugs that could affect lipid or carbohydrate metabolism, generalized malignancies or local infection, and anemia of other causes.

Complete cell count, biochemical investigations, and gynecological examination were performed for patients with IDA, and gastrointestinal endoscopy was performed for patients who were older than 40 years and had no hypermenorrhea.

Treatment protocol {#S20003}
------------------

The oral ferrous sulfate (Fe^++^) treatment was started in the patients. A ferrous sulfate tablet taken orally three times daily between meals provides an oral dose of 195 mg of elemental iron per day. Those who cannot tolerate oral iron therapy were treated with iron sucrose (IVIS) (200 mg/day for two consecutive days) intravenously after calculation of iron deficiency. The dose for IVIS was calculated according to an adapted Ganzoni formula: dose \[mg\] = (body weight \[kg\] × (target Hb \[g/dl\] -- actual Hb \[g/dl\]) × 2.4 + 500 mg (for iron stores)) \[[@CIT0007]\]. Iron sucrose was given as 100 mg (2 ampoules, each of 2.5 ml) in 100 ml of 0.9% normal saline infusion over 1 h every 3 days up to the total calculated dose. A complete blood count and serum ferritin levels were measured once a month. During that time no antioxidant diet or exercise program which might have an effect on oxidative status was provided. Treatment was continued until ferritin \> 20 µg/l, Hb = 12 g/dl for females, 13 g/dl for males.

Blood sample collection {#S20004}
-----------------------

After a 12-h overnight fast, venous blood was drawn from the antecubital vein two times before and after iron treatment. The recovery hemoglobin levels of iron treatment were 12 g/dl and 13 g/dl, for women and men respectively. The tubes were centrifuged at 4000 rpm (10 min) to remove the plasma and serum. The plasma and serum samples were kept at --80°C until analysis of PON 1 activity.

Measurement of paraoxonase and arylesterase activities {#S20005}
------------------------------------------------------

PON and ARE activities were determined using a novel automated measurement method developed by Erel (Relassay, Turkey) \[[@CIT0008]\]. Briefly, the rate of paraoxon hydrolysis was measured by the increased absorbance at 412 nm at 25°C. The PON activity is expressed as U/l serum. The coefficient of variation (CV) for individual samples was 1.8%. ARE activity was measured spectrophotometrically using phenyl acetate. The reaction was started by the addition of the serum; the increase in absorbance was read at 270 nm. Enzymatic activity was calculated from the molar absorptivity coefficient of the produced phenol. One unit of ARE activity was defined as 1 µmol of phenol generated/min under the defined assay conditions and expressed as U/l serum. The CV for individual serum samples was 3.3%.

Other variables {#S20006}
---------------

Serum glucose, urea, creatinine, LDL cholesterol, HDL cholesterol, triglyceride, iron and total iron binding capacity (TIBC), ferritin, TSH, fT3, fT4 and other biochemical parameters were determined by the Abbott Architect C16200 Integrated System and using commercial kits (Abbott Laboratories, IL, USA). Complete blood count was determined in a Coulter LH 750 hematology analyzer (Beckman Coulter, CA, USA).

Statistical analysis {#S20007}
--------------------

Statistical calculations were performed with Number Cruncher Statistical System 2007 Statistical Software (Utah, USA) for Windows. Besides standard descriptive statistical calculations (mean and standard deviation), the unpaired *t* test was used in the comparison of groups, the paired *t*-test was employed in the assessment of pre- and post-treatment values, and the χ^2^ test was performed during the evaluation of qualitative data. Pearson\'s correlation test was used to determine relationships between research variables. Linear regressions analysis was performed to determine the independent effect of factors associated with PON. A *p*-value of \< 0.05 was considered significant.

Results {#S0008}
=======

Demographic and biochemical parameters of IDA patients and control subjects are shown in [Table I](#T0001){ref-type="table"}. There was no significant difference in gender, age, BMI or biochemical parameters (*p* \> 0.05). Hb (*p* = 0.001), Hct (*p* = 0.001), MCV (*p* = 0.001), ferritin (*p* = 0.001), total cholesterol (*p* = 0.001), and LDL cholesterol (*p* = 0.001) levels were significantly lower in IDA patients. IDA patients had lower total cholesterol and LDL cholesterol concentrations than the control group ([Table I](#T0001){ref-type="table"}). Before treatment, the hemoglobin level was 7.46 ±1.23 and the ferritin level was 2.76 ±2.02, and after treatment they were 12.05 ±0.87 and 28.41 ±16, respectively (*p* = 0.0001 for both).

###### 

Demographic and clinical parameters in patients with IDA and controls

  Parameter                         IDA (*n* = 50)   Controls (*n* = 40)   *P*-value
  --------------------------------- ---------------- --------------------- -----------
  Age \[years\]                     45.4 ±16.36      49.95 ±10.28          0.129
  BMI \[kg/m^2^\]                   27.50 ±4.43      27.76 ±5.73           0.815
  Hb \[g/dl\]                       7.35 ±1.33       13.07 ±2.55           0.0001
  Hct (%)                           24.63 ±3.41      40.77 ±4.38           0.0001
  MCV \[fl\]                        62.41 ±5.8       88.78 ±7.31           0.0001
  Thrombocytes \[/mm^3^ × 10^3^\]   353.64 ±102.2    265.15 ±61.42         0.0001
  Iron \[µg/dl\]                    16.9 ±20.03      77.53 ±30.26          0.0001
  IBC \[µg/dl\]                     417.76 ±78.2     265.95 ±59.21         0.0001
  Ferritin \[ng/ml\]                3.11 ±2.48       34.1 ±26.58           0.0001
  TC \[mg/dl\]                      161.86 ±39.65    189.28 ±29.94         0.0001
  TG \[mg/dl\]                      111.12 ±94.31    116.1 ±65.42          0.777
  LDL-C \[mg/dl\]                   92.88 ±31.49     117.23 ±23.42         0.0001
  HDL-C \[mg/dl\]                   48.66 ±13.32     49.3 ±11.54           0.811

BMI -- body mass index, Hb -- hemoglobin, Hct -- hematocrit, MCV -- mean corpuscular volume, IBC -- iron binding capacity, TG -- triglyceride, TC -- total cholesterol, HDL-C -- high-density lipoprotein cholesterol, LDL-C -- low-density lipoprotein cholesterol, IDA -- iron deficiency anemia. Values are mean ± SD.

Mean PON and ARE activities in the iron deficiency anemia group (102.44 ±19.29 U/l and 163.33 ±13.68 U/l, respectively) were significantly lower than mean activity of the control group (157.37 ±26.43 U/l and 256.11 ±24.62 U/l, respectively; *p* = 0.0001 for both). Mean activity after treatment (143.28 ±13.98 and 197.61 ±27.95 U/l, respectively) was significantly lower than mean activity of the control group (*p* = 0.002, *p* \< 0.001, respectively). PON and ARE activities significantly increased after treatment with iron in iron deficiency anemia (*p* = 0.0001 for both) ([Table II](#T0002){ref-type="table"}).

###### 

Mean values of paraoxonase and arylesterase activities in the iron deficiency anemia groups before and after treatment and in the control group

  Parameter                        IDA (*n* = 40)   Controls (*n* = 40)   *P*-value
  -------------------------------- ---------------- --------------------- -----------
  PON \[U/l\] (before treatment)   102.44 ±19.29    157.37 ±26.43         0.0001
  PON \[U/l\] (after treatment)    143.28 ±13.98                          0.002
  *P*-value                        0.0001                                 
  ARE \[U/l\] (before treatment)   163.33 ±13.68    256.11 ±24.62         0.0001
  ARE \[U/l\] (after treatment)    197.61 ±27.95                          0.0001
  *P*-value                        0.0001                                 

PON -- paraoxonase activity, ARE -- arylesterase. Values are mean ± SD.

Positive correlations were found between paraoxonase, ARE activity and Hb (*r* = 879, *p* = 0.0001; *r* = 0.889, *p* = 0.0001, respectively). No significant correlation was observed with ferritin. Correlation analyses between PON, ARE and other parameters are shown in [Table III](#T0003){ref-type="table"}.

###### 

Correlation analyses between PON, ARE and other parameters

  Parameter   ARE         Hb       Hct      MCV      Iron     IBC      Ferritin   LDL      HDL     
  ----------- ----------- -------- -------- -------- -------- -------- ---------- -------- ------- -------
  PON         *R*-value   0.812    0.815    0.849    0.799    0.62     --0.555    0.153    0.508   0.086
  *P*-value   0.0001      0.0001   0.0001   0.0001   0.0001   0.0001   0.149      0.0001   0.419   
  ARE         *R*-value            0.815    0.884    0.846    0.716    --0.651    0.046    0.442   0.066
  *P*-value               0.0001   0.0001   0.0001   0.0001   0.0001   0.669      0.0001   0.537   

PON -- paraoxonase, ARE -- arylesterase, Hb -- hemoglobin, Hct -- hematocrit, MCV -- mean corpuscular volume, IBC -- iron binding capacity, LDL-C -- low-density lipoprotein cholesterol, HDL-C -- high-density lipoprotein cholesterol.

Linear regression analysis was performed between Hb, MCV, iron, TIBC, platelet value and PON values, and a statistically significant relationship was observed with a *R*^2^ value of 0.731 and corrected *R*^2^ value of 0.715 (*p* = 0.0001). At the end of the linear regression PON was associated with Hb and MCV (*p* = 0.0001) ([Table IV](#T0004){ref-type="table"}).

###### 

Linear regression analysis for paraoxonase

  *R*     *R*^2^   Adjusted *R*^2^   SE of the estimate   *P*-value
  ------- -------- ----------------- -------------------- -----------
  0.855   0.731    0.715             19.17                0.0001

Predictors: (constant), Plt, MCV, IBC, iron, Hb.

  Parameter    Unstandardized coefficients   Standardized coefficients   *P*-value            
  ------------ ----------------------------- --------------------------- ----------- -------- --------
  (Constant)   --33.33                       26.87                                   --1.24   0.218
  Hb           5.21                          1.05                        0.50        4.95     0.0001
  MCV          1.18                          0.30                        0.48        3.92     0.0001
  Iron         0.03                          0.09                        0.03        0.31     0.761
  IBC          0.04                          0.03                        0.12        1.28     0.205
  Plt          0.02                          0.02                        0.05        0.84     0.406

Dependent variable: paraoxonase. Hb -- hemoglobin, MCV -- mean corpuscular volume, IBC -- iron binding capacity, Plt -- platelets.

Linear regression analysis was performed between Hb, MCV, iron, TIBC, platelets and ARE values, and a statistically significant relationship was observed with a *R*^2^ value of 0.764 and corrected *R*^2^ value of 0.749 (*p* = 0.0001). At the end of the linear regression ARE was associated with Hb and MCV (*p* = 0.0001) ([Table V](#T0005){ref-type="table"}).

###### 

Linear regression analysis for arylesterase

  *R*     *R*^2^   Adjusted *R*^2^   SE of the estimate   *P*-value
  ------- -------- ----------------- -------------------- -----------
  0.874   0.764    0.749             25.01                0.0001

Predictors: (constant), Plt, IBC, Hb, iron, MCV.

  Parameter    Unstandardized coefficients   Standardized coefficients   *P*-value            
  ------------ ----------------------------- --------------------------- ----------- -------- --------
  (Constant)   37.40                         35.05                                   1.07     0.289
  Hb           5.15                          1.37                        0.36        3.75     0.0001
  MCV          1.52                          0.39                        0.44        3.89     0.0001
  Iron         0.17                          0.12                        0.13        1.42     0.159
  IBC          0.01                          0.04                        0.01        0.14     0.886
  Plt          --0.02                        0.03                        --0.04      --0.65   0.519

Dependent variable: arylesterase. Hb -- hemoglobin, MCV -- mean corpuscular volume, IBC -- iron binding capacity, Plt -- platelets.

Discussion {#S0009}
==========

In this study we investigated PON and ARE activities in patients with IDA before and after iron treatment. The results showed a decrease in PON and ARE in IDA, but these activities significantly increased after treatment with iron.

Aslan *et al*. observed in their study that in adults with IDA, PON and ARE enzyme activities are reduced. On the other hand, Koç *et al*. did not observe such a reduction in children \[[@CIT0009], [@CIT0010]\]. This may be due to the decrease of enzyme activity with age \[[@CIT0011]\]. Our results are consistent with those of Aslan *et al*. Another study showed a significant positive correlation between serum PON1 activity and Hb concentration in patients with β-thalassemia-trait subjects, as in our study. The authors suggested that PON1 activity may indicate a decreased antioxidant effect on LDL cholesterol with increasing anemia and increased atherosclerosis in those patients \[[@CIT0012]\].

Approximately 50% of the etiology may be explained by major risk factors of atherosclerosis \[[@CIT0013]\]. Therefore, new risk factors of atherosclerosis must be investigated. The HDL cholesterol parameter is inversely correlated with the risk of cardiovascular disease. The antioxidant property of HDL cholesterol refers to PON1 activity. Recently, it was suggested that important determinants of the presence of CAD are low PON1 activity and concentration \[[@CIT0014]\]. Different studies have shown that decreased PON and ARE activities are risk factors for not only cardiovascular disorders but also non-cardiac diseases \[[@CIT0015]--[@CIT0019]\]. PON1 levels have been associated with pharmacological, nutritional, genetic and infectious processes \[[@CIT0020]\]. Although an initiating factor in atherosclerosis may be oxidative stress, it is not clearly the only underlying mechanism \[[@CIT0021], [@CIT0022]\]. PON1 is a protective enzyme for LDL cholesterol oxidation, and it is an important molecule in the pathogenesis of atherosclerosis \[[@CIT0023]\]. In several studies increased oxidative stress has been attributed to the low PON1 activity in metabolic syndrome and obesity \[[@CIT0024]--[@CIT0026]\]. Additionally, PON1 activity was lower in patients with CAD, type 2 diabetes mellitus and hypercholesterolemia \[[@CIT0027], [@CIT0028]\]. It was found in this study that PON1 activity in IDA was low. So the low PON1 activity may create an increased tendency for the development of CAD in IDA.

Some studies have indicated serum PON-1 activity to be related to various lipid and lipoprotein parameters such as HDL and triglycerides \[[@CIT0029], [@CIT0030]\]. We did not observe such a correlation with HDL and triglycerides. In our study, serum PON1 activity was low in IDA patients with normal lipid parameters. A decrease in HDL levels in patients could result in a decrease in serum PON1 \[[@CIT0031]\]. In our study, despite the fact that HDL was not different in the control group, PON1 activity was lower. Therefore, in this group of patients, PON1 activity might be affected not only by differences in HDL levels, but also by other factors such as lipid peroxidation products \[[@CIT0032]\]. The serum PON1 activity is highly variable and its regulation is complex. Decreased PON may lead to a reduction in antioxidant capacity of HDL and contribute to accelerated development of CAD. In our study, even if LDL and cholesterol levels were significantly lower than in controls and there was no significant difference in HDL level, reduced PON1 activity could also be a result of increased oxidative stress. However, in accordance with a previous report, we found no correlation between PON activity and HDL cholesterol \[[@CIT0033]\].

There is limited evidence showing that increased iron stores and high-dose intravenous (IV) iron therapy may create oxidative stress (OS) in haemodialysis (HD) patients \[[@CIT0034], [@CIT0035]\]. However, the minimum level of serum ferritin to induce oxidative tissue damage is unknown \[[@CIT0036]\]. The relationship between ferritin and oxidative stress and PON-1 is unclear. In our study, while PON-1 levels were correlated with iron and iron binding capacity, there was no relationship with ferritin level. This might be because of the follow-up time, duration of iron therapy and number of patients.

Current guidelines suggest the treatment of the underlying cause of iron deficiency, but all patients should have iron supplementation both to correct anemia and replenish body stores. Oral iron is suggested to be continued for 3 months after the iron deficiency has been corrected so that stores are replenished \[[@CIT0037]\]. In our study the Hb levels increased to normal levels after therapy and ferritin levels reached the levels of the control group. The mean treatment duration of our patients was 4 months (129 ±131.5 days). In current guidelines it is suggested to continue the iron supplementation for 3 months to replenish the stores, but the target ferritin level is not clear. In our study the ferritin level of the patients was the same as that of the control group after treatment. After treatment, Hb and ferritin levels of patients reached the same levels of the control group, but the increase in PON1 activity of patients did not reach the levels of the control group. There is no clear result about the duration of iron treatment which will bring PON and ARE levels to normal regardless of the levels of Hb and ferritin.

The small sample size was a limitation in our study because patients with IDA did not come back after therapy for follow-up.

In conclusion, in this study, we observed that PON-1 activity was significantly lower in patients having iron deficiency anemia than in controls, and iron therapy increased the activity of these enzymes. However, both positive and linear correlations between PON1 activity and hematological and iron status parameters proved that this enzyme is sensitive to the degree of iron deficiency.

At the time of diagnosis, close follow-up of the patients with IDA is necessary for the inhibition of cardiovascular risk, even if they have normal serum lipid levels. Our results may indicate that iron deficiency anemia in adults may also be one of the factors associated with increased risk of atherosclerosis in later life due to decreased PON-1 activity.
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